In order to control the particle size and morphology, zinc carbonate hydroxide Zn 5 (CO 3 ) 2 (OH) 6 nanoparticles have been synthesized using a reverse microemulsion technique. The pseudo-ternary phase diagrams of the two microemulsion systems, prepared using CTAB/1-butanol/n-octane/aqueous phase system with the aqueous phase comprised of either zinc nitrate (Zn(NO 3 ) 2 ) or sodium carbonate (Na 2 CO 3 ), were experimentally constructed. The nanoparticles synthesized by mixing of the two emulsion systems were further characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM) and thermogravimetric analysis (TGA). The nanoparticles were further characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM) and thermogravimetric analysis (TGA). Several important experimental parameters have been investigated for the ability to control particle size and morphology as the function of water/surfactant molar ratio (ω), water/oil molar ratio (S) and the initial concentration of reactants in the aqueous phase. Results indicate that ω values have the ability to affect the particle size and levels of aggregation, while S values had no apparent effect. In addition, the initial concentration of reactants in the aqueous phase was considered to be an important parameter as raising its values from 0.1M to 0.5M produced an unknown phase of zinc carbonate, exhibiting larger particle size with a unique flake like morphology.
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Introduction
A microemulsion can be described as a thermodynamically stable system composed of an oil phase, aqueous phase, surfactant and sometimes a co-surfactant [1, 2] . Microemulsions have specific physical and chemical properties such as transparency, low viscosity, and homogeneity [2, 3] . Hence, since their discovery, several applications for microemulsions have been implemented in the industry which includes pharmaceutical drug delivery, enhanced oil recovery and nanoparticle synthesis [2, 4] . In today's industry, the search for particles with tailored size and morphology has become of increased interest as they may possess new more favored properties [5] [6] [7] . Among such compounds is zinc carbonate (ZnCO 3 ) which found its way as a useful substance in different sectors of the industry. Zinc carbonate has been used in respirators due to its effectiveness in removing toxic gases such as SO 2 and HCN [5, 8] . One other application of zinc carbonate -considered one of the most important -is the use as a precursor for the production of ultrafine zinc oxide (ZnO) particles. ZnO has numerous uses in the industry such as the use in electronics, solar cells, pigments and as an industrial catalyst [5] [6] [7] [8] [9] .
Several zinc carbonate synthetic routes have been previously investigated and published in the literature. Zhang et al. (2004) synthesized zinc carbonate hydroxide (Zn 5 (CO 3 ) 2 (OH) 6 ) by direct precipitation of potassium carbonate (K 2 CO 3 ) with zinc acetate (Zn(CH 3 COO) 2 ) at room temperature [8] . Wu & Jiang (2006) were able to synthesize pure anhydrous ZnCO 3 nanocrystals by a solid-state reaction [6] . 6 ) by utilizing a hydrothermal process between zinc acetate dihydrate (Zn(CH 3 COO) 2 •2H 2 O) and urea (NH 2 CONH 2 ) [10] . Hingorani et al. (1993) synthesized zinc carbonate as a precursor for the production of ZnO using a microemulsion technique [11] . The authors utilized a CTAB/1-butanol/n-octane/aqueous phase system with the aqueous phase comprised of either zinc nitrate (Zn(NO 3 ) 2 ) or ammonium carbonate ((NH 4 ) 2 CO 3 ).
In this research, the synthesis of zinc carbonate has been studied using a reverse microemulsion technique. The microemulsion system proposed by Hingorani et al. (1993) has been further investigated and the phase diagrams of zinc nitrate (Zn(NO 3 ) 2 ) and sodium carbonate (Na 2 CO 3 ) are constructed. The as-synthesised particles are further characterized by XRD, SEM and TGA. Three important experimental parameters have been investigated herein for the ability to control particle size and morphology which are: water/surfactant molar ratio (ω), water/oil molar ratio (S) and the initial concentration of reactants in the aqueous phase.
Experimental
Zinc carbonate synthesis
The preparation of zinc carbonate particles was carried out using a reverse microemulsion technique. The basic microemulsion system proposed by Hingorani et al. (1993) was utilized which consisted of Hexadecyltrimethyammonium bromide (CTAB, ≥98.0%; Sigma) as surfactant; 1-butanol (≥99.4%; Sigma-Aldrich) as co-surfactant; n-octane (≥98.0%; Sigma-Aldrich) as continuous oil phase. However, the dispersed aqueous phase in all our experiments consisted of a solution of known concentration of either zinc nitrate hexahydrate (≥99.0%; Sigma-Aldrich) or sodium carbonate (≥99.5%; Sigma-Aldrich). All reagents were used as purchased without further purification and deionized water was utilized in all experiments.
Stock solutions of known concentration of zinc nitrate hexahydrate and sodium carbonate were first freshly prepared to be used as aqueous phases in our study. The preparation of the microemulsions was performed in 250 ml conical flasks where the specified weights of CTAB, n-octane and 1-butanol were first added in this respective order. The resulting mixture was then shaken gently which resulted in the formation of a milky solution. The specified weight of aqueous phase from the respective stock solution was then added and the solution mixed with the help of a magnetic stirrer until a transparent, isotropic solution was observed. The first microemulsion "μE I" contained an aqueous phase of zinc nitrate hexahydrate while the second microemulsion "μE II" contained an aqueous phase of sodium carbonate. The resulting two microemulsions were then combined and mixed in a 250 ml beaker with the help of a magnetic stirrer. The stirring was stopped when the appearance of the mixture turned from transparent (translucent in some cases) to cloudy which was indicative of the formation of precipitate. The contents of the beaker were then filtered using a Buckner-funnel connected to a pump. The filter paper used was 47 mm in diameter with 0.22 μm pore size. After filtration, the product was washed twice with 1:1 (v/v) solution of methanol and chloroform to get rid of all other microemulsion components. The as-prepared particles were then collected and dried overnight at 60 °C.
Phase diagram construction
The phase diagrams of the proposed system were constructed using the titration method described in several publications [4, 12] . For this study, the phase diagrams were treated as a pseudo-ternary system in which the surfactant and co-surfactant were treated as one component. The ratio of surfactant to co-surfactant was fixed at 1:0.73 (w/w) as this particular ratio is able to maximize the solubility of certain aqueous solutions into stable microemulsions [13] . The titration method was carried out on 9 different compositions with an increment of 10% on the axis connecting the surfactant and oil vertices, however too high (>90% w/w) and too low (<10% w/w) surfactant compositions were not performed. All sample preparations were performed under room temperature which ranged from 32-33 °C.
Characterisation
The X-ray powder diffraction (XRD; Bruker AXS D8 Advance) patterns of dried ZnCO 3 powder were recorded in the range of 8° ≤ 2θ ≤ 75° with a Cu K α source at 35 kV, 45 mA. High resolution surface images of the obtained ZnCO 3 nanoparticles were obtained using scanning electron microscopy (SEM; LEO 1530 Gemini). Thermogravimetric analysis (TGA; Mettler Toledo TGA/SDTA 851 e ) was carried out on the dried powder in nitrogen atmosphere. The heating profile consisted of a steady increase in temperature at a rate of 10 °C/min from 30 to 480 °C, followed by maintaining isothermal conditions at 480°C for 10 minutes.
Results and discussion
The phase diagrams of CTAB/1-butanol/n-octane/aqueous phase system with the aqueous phase comprised of either 0.1 M sodium carbonate or 0.1 M zinc nitrate were constructed using the titration method and shown in Fig. 1 (a) and (b) respectively. To get a better understanding of the titration method, Fig. 1(a) demonstrates how each successive addition of an aqueous phase drop is accompanied by a movement along the dotted line from point A to point B. Therefore, the construction of the phase diagrams was performed as a result of visually inspecting microemulsion formation along such lines. A transparent, isotropic solution was considered a stable microemulsion while milky, turbid, gel-like, highly viscous and 2 or 3 phases were not considered microemulsions. The phase diagram using distilled water instead of an aqueous phase was not constructed for this study as it has already been thoroughly investigated by Ayyub et al. (1993) [13] .
It can be seen from Fig. 1(a) that the phase diagram of CTAB/1-butanol/n-octane/ 0.1 M sodium carbonate system has the ability to form a wide range of stable microemulsions with varying compositions. Such compositions are represented in the figure by the green shaded area; on the other hand, the orange and white shaded areas represent compositions where no microemulsions formed. By referring to Fig. 1(a) and Fig. 1(b) , it can be seen that 0.1 M sodium carbonate formed more stable microemulsions than 0.1 M zinc nitrate. Therefore, it was concluded that the choice of microemulsion compositions for this study would be restricted by microemulsion formation in the 0.1 M zinc nitrate phase diagram. Fig. 1(b) and Table 1 show the selected microemulsion compositions investigated in this study to assess the ability of microemulsion process as means of synthesising ZnCO 3 particles with controlled size and morphology distributions.
In the literature, several publications claim that microemulsion composition has a profound effect on the synthesised particle size and morphology [2, [14] [15] [16] . This is mainly due to the way microemulsion composition affects microemulsion droplet size. It is believed that the larger the droplet size the bigger the final particles are and vice versa [7, 16] . Hence, in the following study we chose two important microemulsion composition parameters with the highest likeliness to affect droplet size and ultimately particle size and morphology which are water/surfactant molar ratio (ω) and water/oil molar ratio (S).
To evaluate this effect, samples 1-9 were carefully selected from the constructed phase diagrams and their respective compositions can be found in The XRD patterns of the dried powder samples (1-11) are shown in Fig. 2 . These patterns have been indexed using the reference data files from ICDD-PDF database. All 11 samples except sample 10 showed very similar XRD patterns with minor difference in some peak intensities, which could be attributed to the difference in crystallinity percentage and amount of amorphous contents of each sample. The best reference pattern matched with all samples (a) (b) except sample 10 is the zinc carbonate hydroxide (Zn 5 (CO 3 ) 2 (OH) 6 ) also known as hydrozincite, card number No. 00-019-1458 (Fig 2(a) ). However, some of the peaks seem to match better with reference pattern of zinc carbonate hydroxide hydrate (Zn 4 CO 3 (OH) 6 •H 2 O), card No. 00-011-0287. This confirms that the particles produced are a mixture of (Zn 5 (CO 3 ) 2 (OH) 6 ) and (Zn 4 CO 3 (OH) 6 •H 2 O), however (Zn 5 (CO 3 ) 2 (OH) 6 ) is present in larger quantities as evident by generating higher computer peak matching score during XRD pattern indexing.
The unusual sample 10 showed some extra peaks which did not match with any of the available zinc carbonate crystal structure in the ICDD database. These peaks are most probably formed due to the change in the overall zinc carbonate compound crystal structure or possibly due to the formation of a new phase. In this particular sample, the initial concentrations of both aqueous phases of zinc nitrate hexahydrate and sodium carbonate were raised from 0.1 M to 0.5 M, which resulted in the difference in crystal structure observed by XRD. It should be noted that the 0.5 M sodium carbonate microemulsion formed a translucent solution instead of a clear solution as obtained for all other samples using 0.1 M concentrations. Further investigation is needed to understand the effect of aqueous solution molar concentrations and ratios on the crystal structure, size and morphology. Fig. 3 and 4 show the surface morphology of Zn 5 (CO 3 ) 2 (OH) 6 particles as in SEM images for samples 1-9. It can be seen that the individual nanoparticles generally exhibit spherical morphology with particle size ranging from 20-70 nm. To evaluate the effect of ω values on particle size and morphology, samples were compared in triplets where ω values were varied while S values were kept constant. For example, samples 1, 4 and 7 can be compared as they have a fixed average S value of 5.98, while average ω values varied from 8.36 to 21.50 to 27.09 respectively. It can be clearly seen from Fig. 3 (b) that sample 2 showed minimal aggregation with scattered and well-defined spherical shaped particles. Nevertheless, we notice that as the average ω values were increased from 8.50 in sample 2 to 21.74 in sample 5 and 27.05 in sample 8, the phenomenon observed in sample 2 disappeared and the particles had larger aggregates with less defined morphology (Fig. 3 (e) and Fig. 4 (b) ). This is because sample 2 has the highest surfactant content and lowest aqueous phase content when compared to samples 5 and 8. It is suggested that higher surfactant content will result in the formation of smaller more rigid droplets [14] . Consequently, as the reactants start to nucleate and grow inside such droplets they will be restricted by the size and rigidity of the surfactant layer forming the droplets and hence produce homogenous particles with controlled size and morphology with minimal aggregation [16] as observed in SEM image of sample 2 ( Fig. 3 (b) ). Furthermore, as the water content is increased and the surfactant content is decreased in samples 5 and 8, the microemulsion droplets should theoretically become larger and less rigid [14, 16] ultimately producing larger particles with higher levels of aggregation. A similar effect can be seen when comparing samples 3, 6 and 9. Hence, it can be concluded through SEM imaging that ω values have the ability to control the particle size and extent of aggregation. On the other hand, there seems to be no apparent effect on particle size and morphology associated with varying S values. Another experimental parameter with high likeliness to have an effect on particle size and morphology is the initial concentration of reactants in the microemulsion's aqueous phase. Several publications have shown evidence that this parameter has a profound effect of particle size and morphology [2, 3, 15, 16] . Therefore, the evaluation of this effect was carried out through samples 3, 10 and 11, where microemulsion composition was kept constant and the initial concentrations of the reactants were changed. Sample 3 had 0.1 M Zn(NO 3 ) 2 and 0.1 M Na 2 CO 3 ; sample 10 had 0.5 M Zn(NO 3 ) 2 and 0.5 M Na 2 CO 3 ; and sample 11 had 0.5 M Zn(NO 3 ) 2 and 0.1 M Na 2 CO 3 . Fig. 3 (c) , Fig. 5 (a) and (b) show the surface morphologies of samples 3, 10 and 11 respectively. When the initial concentration of both reactants was 0.1 M in sample 3, we observed scattered and well-defined spherical particles (Fig. 3 (c) ). However, as the initial concentration of both reactants was raised to 0.5 M in sample 10, we observed a drastic change in particle size and morphology ( Fig. 5 (a) ). The morphology changed from the well-defined spherical shaped particles to irregular flake-like particles. Moreover, the morphology change was accompanied by an increase in particle size from approximately 50 nm to about 400 nm flakes. This might be an indication that the droplet size has risen remarkably as a result of an increase in surfactant layer fluidity leading to the formation of bigger and coarser particles [2, 3] . The unique flake like morphology of particles can also be correlated to the unknown crystal phase of zinc carbonate noticed in XRD pattern of this particular sample 10. As for sample 11, we observed that the particles were produced again in spherical shaped morphology as observed in previous samples, however, the degree of aggregation is very high (Fig. 5 (b) ). In conclusion, results have shown that the initial concentration of the reactants in the aqueous phase does in fact play a significant role in influencing the particle's phase, size, morphology and extent of aggregation.
Samples 1-9 were further analysed by TGA. The decomposition process of Zn 5 (CO 3 ) 2 (OH) 6 and Zn 4 CO 3 (OH) 6 •H 2 O to form zinc oxide (ZnO) can be illustrated by reactions (1) and (2) below [9, 17, 18] , with theoretical percentage mass loss of 25.9 % and 25.2 % respectively.
(a) (b) Fig. 6(a) shows the TG curve obtained from sample 1 and is representative of samples 1-9 and 11. As expected, a characteristic single-step decomposition process between approximately 180 °C and 350 °C is observed, in which Zn 5 (CO 3 ) 2 (OH) 6 and Zn 4 CO 3 (OH) 6 •H 2 O decompose to form ZnO with the release of CO 2 and H 2 O. The calculated percentage mass loss from Fig. 6(a) was 26.2% which is comparable to the theoretically calculated values. To further confirm the change in phase observed in the XRD pattern of sample 10, TGA analysis was performed and the TG curve can be seen in Fig. 6(b) . It was thought that the percentage weight loss of sample 10 would be higher than the theoretically calculated ones as a result of different phase and morphology of particles observed by XRD and SEM analysis respectively. This was true as the percentage weight loss of this particular sample was found to be 42.2% which is significantly higher than the values calculated theoretically and the values obtained from all other samples studied herein. Nevertheless, the same one-step decomposition process is observed between approximately 190 -250 °C.
Conclusion
Zinc carbonate hydroxide (Zn 5 (CO 3 ) 2 (OH) 6 ) nanoparticles have been successfully synthesized using a reverse microemulsion technique. Prior to particle synthesis, the pseudo-ternary phase diagrams of the proposed CTAB/1-butanol/n-octane/aqueous phase system with the aqueous phase comprised of either Zn(NO 3 ) 2 or Na 2 CO 3 were constructed. Several important experimental parameters have been investigated for the ability to control particle size and morphology such as water/surfactant molar ratio (ω), water/oil molar ratio (S) and the initial reactant concentration in the aqueous phase. XRD analysis revealed that microemulsion composition had no effect on the chemistry behind the precipitation reaction; however, raising the initial concentration of the reactants in the aqueous phase from 0.1 M to 0.5 M produced an unknown phase of zinc carbonate. The particles from this phase exhibited larger size and unique flake-like morphology as opposed to the smaller spherical shaped particles obtained from all other samples studied. Furthermore, the intensity of the diffraction peaks from most samples seems to be quite low with high background indicating the presence of a significant amount of amorphous content. SEM images revealed that the particles produced from most of the samples studied generally exhibit spherical morphology with particle size ranging from 20-70 nm. It is also observed from these images that ω values have the ability to control the particle size and extent of aggregation, while S values had no apparent effect on particle size and morphology. TGA analysis of all the samples studied showed the typical single-step decomposition process to form ZnO. The percentage weight loss values of all the samples, excluding sample 10, were similar to the theoretically calculated ones. Sample 10 showed a value significantly higher which is attributed to the different phase structure and morphology observed by XRD and SEM. Overall it has been demonstrated that the microemulsion process has the potential to synthesise zinc carbonate nanoparticles with controlled size and morphology distributions. 
